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Through-knee amputation in patients with
peripheral arterial disease: A review of 50 cases
Bryan C. Morse, MD, David L. Cull, MD, Corey Kalbaugh, MS, Anna L. Cass, MPH, and
Spence M. Taylor, MD, Greenville, SC
Background: For good rehabilitation candidates, the biomechanical advantages of the end weight-bearing through-knee
amputation (TKAmp) compared with the above knee amputation (AKA) are well established. However, the TKAmp has
been abandoned by vascular surgeons because of poor wound healing rates related to long tissue flaps and challenges to
prosthetic fitting related to the femoral condyles. Since 1998, we have performed the modified “Mazet” technique
TKAmp procedure that creates shorter flaps to close the wound and greatly facilitates prosthesis fitting. The purpose of
this study is to review our results with TKAmp in patients with peripheral vascular disease who were not candidates for
below-knee amputation.
Methods: The records of all patients who underwent through-knee amputation between 1998 and 2006 were retrospec-
tively reviewed. Mean follow-up was 33 months (range, 38 days to 99 months). Amputations for trauma and malignancy
were excluded. Patient survival, maintenance of ambulation, and independent living status were analyzed using
Kaplan-Meier survival analysis methods.
Results: Fifty patients underwent TKAmp using a modified Mazet technique. The mean age was 63 years; 50% were men,
and 50% had diabetes mellitus. All patients had peripheral arterial disease. Thirty-five patients (70%) had prior
revascularization procedures. Those patients averaged 2.2 revascularization procedures prior to amputation. There were
three (6%) perioperative deaths. The ipsilateral common femoral artery was patent in 43/50 (86%) of patients at the time
of amputation. Forty patients (80%) had open wounds and three patients (6%) had a failed below-knee amputation at the
time of TKAmp. Thirty-eight patients (81%) healed their TKAmp wound. Nine patients failed to heal and were revised
to an above knee amputation. The cumulative probability of regular prosthetic usage and maintenance of ambulation was
estimated to be 0.56 at 3 years and 0.41 at 5 years. The probability of maintaining independent living status at 3 and 5
years was 0.77 and 0.65, respectively. Survival probabilities for patients in this series were 0.60 at 3 years and 0.44 at 5
years.
Conclusion: These data show that the TKAmp is associated with an acceptable primary healing rate and satisfactory
functional outcomes in patients with peripheral arterial disease. The advantages of TKAmp over AKA make it the
preferred alternative for patients with vascular disease who are candidates for prosthetic rehabilitation. ( J Vasc Surg
2008;48:638-43.)The functional advantages of below-knee amputation
(BKA) over above knee amputation (AKA) are well estab-
lished.1 Consequently, most surgeons would offer a BKA
to a patient who is a candidate for rehabilitation even in
cases where healing is not certain. For the patient in whom
BKA is futile or has failed to heal, most would select the
above knee as the next amputation level. However, perfor-
mance of an AKA oftentimes eliminates any hope of main-
taining ambulatory and independent living status in the
elderly patient with peripheral arterial disease (PAD).
In contrast to AKA, the through-knee amputation
(TKAmp) provides a longer lever arm which decreases the
energy expenditure associated with ambulation. Further-
more, the TKAmp is an end weight bearing amputation,
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638which provides greater comfort, proprioception, and stabil-
ity than the ischial weight bearing AKA prosthesis.2,3 Al-
though these functional advantages of TKAmp over AKA
would appear to be particularly beneficial in the elderly,
dysvascular population, the TKAmp has largely been aban-
doned in the United States by vascular surgeons. A medline
search revealed that there have only been two articles
published in the US surgical literature in the past three
decades related to the outcome of TKAmp in patients with
PAD.4,5 Although there have been several recent large
series reporting the outcome of limb amputation in patients
with PAD published in the major vascular literature, none
of those series included the outcome for TKAmp.1,6,7
The reticence to perform TKAmp in the patient with
PAD stems from the belief that the procedure is associated
with a high incidence of wound complications related to
the long tissue flaps required to close the wound over the
femoral condyles. The bulbous stump also poses significant
challenges to fitting a practical prosthesis.8,9
In 2001, we reported a small series of patients with
PAD who underwent TKAmp utilizing a technique that
involved shaving the femoral condyles and excising the
patella.10 This technique requires shorter tissue flaps to
close the wound and creates a conical stump, which can
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favorable results, we continue to utilize the procedure in
patients with PADwho are candidates for rehabilitation but
whose wounds preclude BKA. The purpose of this study is
to review our experience and technique for TKAmp in
selected patients with PAD who were not candidates for
BKA.
METHODS
The Greenville Hospital System/University Medical
Center vascular surgery database was reviewed to identify
all patients who underwent TKAmp for the treatment of
lower extremity ischemia caused by PAD between 1998
and 2006. Amputations for trauma and malignancy were
excluded from review. Additional patient demographic in-
formation and outcome data were gathered through a
review of the operative reports, outpatient and hospital
records, and patient interview. Main outcome measures
included perioperative mortality, patient survival, wound
complication rate, and amputation revision rate. Postoper-
ative functional status was determined by patient interview
and outpatient records. Patients were surveyed regarding
prosthetic use, ambulatory status, and degree of indepen-
dent living. Regular prosthesis usage was defined as ability
to don the artificial limb for at least 1 hour per day after the
amputation had healed. Maintenance of ambulatory status
was defined no significant postoperative decline in ambula-
tory classification (eg, ambulatory to transfer only). Main-
tenance of independent living status was demonstrated by
ability to return home post-operatively without incorpora-
tion of permanent specialized care to enhance function of
daily living. Short-term assisted living in the recovery pe-
riod was not considered as inability to maintain indepen-
dent living.
Patients were considered for TKAmp if they were
deemed good candidates for prosthetic rehabilitation and
the severity of ischemia or the location of leg wounds
precluded BKA. The patient’s potential to ambulate on a
prosthetic limb was determined by a preoperative evalua-
tion involving interviews with the patient and family, which
focused on the patient’s functional status in the weeks prior
to surgery and an assessment by a prosthetist. A physiatrist
was consulted in questionable cases who assessed the pa-
tient’s ability to ambulate with a prosthetic based on
strength and balance. In cases where a standard BKA could
not be performed due to the location of leg wounds, a short
BKA was performed in preference to a TKAmp. For pa-
tients undergoing TKAmp, 43 of 50 patients had extensive
wounds and infection that precluded BKA, three patients
had failed BKA, and three patients had such severe ischemia
that the operating surgeon felt that a BKA would not heal.
None of the wounds were a result of previous revascular-
ization attempts.
Kaplan-Meier survival analysis was performed to calcu-
late survival probabilities for survival, maintenance of am-
bulation, and independent living status. Statistical analysis
was performed using SAS software (SAS, Inc, Cary, NC).Operative technique. The majority of the procedures
were performed using epidural anesthesia. All patients un-
derwent TKAmp using the modified TKAmp technique
(Mazet), which involved the following steps. The patient
was placed in the supine position. A fishmouth incision with
equal anterior and posterior skin flaps was used. The ante-
rior flap extended to the tibial tuberosity (Fig 1). The
patellar tendon was detached from the tibia. The skin and
deep fascia were dissected off the capsular structures of the
knee. The knee capsule was incised circumferentially and
the cruciate ligaments divided. The popliteal artery and
vein were individually suture ligated. The common pero-
neal and tibial nerves were transected sharply under ten-
sion. The patella was excised from its tendon. Particular
care was taken to avoid injury to the skin overlying the
patella since there is little subcutaneous tissue between the
skin and patella. When dissecting the patella from the skin,
a button-hole injury to the skin was prevented by maintain-
ing a dissection plane as close as possible to the anterior
surface of the patella. The menisci were excised. A wide
osteotome was used to remove the protruding lateral,
medial, distal, and posterior condylar surfaces, and the
bone edges were smoothed with a rasp to create a conically-
shaped stump (Fig 2, A and B). The fascia and skin were
closed in separate layers.
Sutures were removed approximately 4 weeks after
surgery, and a compression sock was applied to the stump.
Patients were examined at weekly intervals by the prosthe-
tist who obtained residual limb measurements. Prosthetic
fitting and fabrication was initiated when the stump was
well healed and not tender, the residual limb volume stabi-
lized, and the patient was able to stand and bear weight on
the contralateral limb. These goals were generally achieved
between 8 and 12 weeks after surgery. Patients were fit with
a total contact, distal weight bearing, suction socket pros-
thesis with a four bar linkage polycentric prosthetic knee.
RESULTS
Between 1998 and 2006, 50 patients underwent
Fig 1. “Fishmouth” incision.TKAmp.During this same period, we performed 457 BKAs
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years). Fifty percent of the patients were male gender.
Comorbidities included hypertension (74%), history of
smoking (66%), coronary artery disease (66%), end stage
renal disease (defined as requiring hemodialysis) (50%),
Fig 2. A, Excision of femoral condyles and patella. B, Conical-
shaped amputation stump.diabetes mellitus (50%), hyperlipidemia (36%), and mor-bid obesity (defined as bodymass index 30 kg/m2). The
mean follow-up was 33 months (range, 38 days to 99
months). Forty patients (80%) had open wounds which
precluded BKA, and an additional three patients (6%) had a
failed BKA. Thirty-five patients (70%) had previous revas-
cularization procedures for limb salvage. For patients who
underwent revascularization, the average number of proce-
dures performed on the amputated limb was 2.2 (range 1
to 5). Excluding the three perioperative deaths, 81% (38/
47) of the patients in this series achieved complete healing
of the TKAmp incision. Forty patients (86%) had a palpable
ipsilateral femoral pulse at the time of TKAmp and of those
patients 37 (93%) achieved wound healing. Wound healing
was achieved in one of seven patients (14%) who had an
absent ipsilateral femoral pulse at the time of TKAmp (odds
ratio [OR]: 74.0). Nineteen percent (9/47) of patients
were revised to AKA as a result of nonhealing wounds.
There were no wound complications associated with pros-
thetic usage.
The perioperative mortality was 6% (3/50). Overall
patient survival was 60% at 3 years and 44% at 5 years (Fig 3).
Maintenance of ambulation and regular prosthetic use
was 56% at 3 years and 41% at 5 years (Fig 4). At the time
of amputation, only 47 patients lived independently. Of
those patients, maintenance of independent living was
estimated 77% at 3 years and 65% at 5 years following
amputation (Fig 5).
DISCUSSION
Although amputation at the above knee level has the
advantage of a high incidence of wound healing, the pro-
cedure carries with it profound functional disadvantages.
Ambulation on an AKA prosthesis requires significantly
more energy expenditure than a BKA or TKAmp prosthe-
sis. The ischial weight bearing socket of the prosthesis is
uncomfortable and does not provide the stability of an end
weight bearing prosthesis.3 Furthermore, to don the pros-
thesis, the patient must either lubricate the pliant stump
and squeeze it into the socket or apply a sock to the stump,
Fig 3. Patient survival.which is pulled through a window at the bottom of the
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cumbersome belts and suspenders. Typically, the maneu-
vers to attach the prosthesis must be repeated several times
per day since the prosthesis must be removed each time the
patient goes to the bathroom. Therefore, simply attaching
the AKA prosthesis can be a daunting task for the geriatric
patient with PAD. Given the energy required to ambulate,
and the inconvenient steps required to don an AKA pros-
thesis, it is not surprising previous studies have shown that
fewer than half of elderly dysvascular amputees who are fit
with an AKA prosthesis use it as their primary mode of
mobility, and up to 39% of above knee amputees stop using
the prosthesis altogether.2,11
In a landmark article published in 1940, Rogers de-
scribed the major advantages of TKAmp over AKA that still
hold true today.12 The TKAmp provides an end weight
bearing stump, which is more comfortable and has en-
hanced proprioception compared with the ischial weight
bearing AKA stump. The TKAmp provides a longer lever
arm than the AKA, which results in better balance, walking
stability, prosthesis control, and has been shown to require
Fig 4. Maintenance of ambulation and regular use prosthesis.
Fig 5. Maintenance of independent living after TKAmp.less metabolic cost of walking.13 Several studies have shownsuperior rehabilitation of patients with PAD who undergo
TKAmp compared with AKA.2,11,14-16 Despite the clear
functional benefits of TKAmp over AKA, the procedure has
not gained widespread acceptance in the United States
among vascular surgeons because of the belief that the long
tissue flaps needed to close the wound over the femoral
condyles are prone to wound complications, and the bul-
bous stump is difficult to fit for a prosthesis.8,9 The belief
that the TKAmp is prone to wound complications is pri-
marily based on three small series published over three
decades ago consisting of a total of 117 amputations.17 The
technique used for each of those series used a long anterior
flap to close the wound over the bulbous femoral con-
dyles.18-20 The publication of several subsequent studies in
the European surgical literature. which showed favorable
outcomes of TKAmp in patients with PAD has prompted a
resurrection of the procedure, particularly in Great Brit-
ain.2,11,21-24 However, the outcome of TKAmp is rarely
reported in the United States except for an occasional
report in the orthopedic literature.
In an effort to minimize the disadvantages of TKAmp,
several modifications of the operation have been devised. In
1966,Mazet described a technique of TKAmpwhereby the
femoral condyles are shaved and the patella excised to
create a conically-shaped stump.25 The benefit of this tech-
nique is that shorter tissue flaps are necessary to close the
wound presumably resulting in improved wound healing.
Despite this theoretical advantage, the technique was not
popularized because at the time the condyles were deemed
necessary to suspend and “lock in” the stump to the pros-
thesis thereby preventing rotation. Critics also noted that
the surface area of the weight bearing surface of the stump
was reduced by this technique and that the late complica-
tion of stump breakdown was more likely to occur.26,27
These criticisms of the Mazet TKAmp are no longer valid
due to significant advances in prosthetic technology that
have occurred over the past 50 years. The conically-shaped
stump created by the Mazet TKAmp allows the patient to
use a suction prosthesis, which is much easier to attach
compared with the AKA prosthesis. The suction prosthesis
is donned by simply pressing a button at the base of the
socket and by pushing the stump into the prosthesis. Also,
unlike the AKA prosthesis, the TKAmp prosthesis does not
need to be removed each time the patient sits to go to the
bathroom. These practical advantages should result in
greater use of the prosthesis and help elderly patients with
PAD more successfully maintain an independent living
status compared with those who undergo AKA. In our
series, 55% of patients reported that they used their pros-
thesis on a regular basis and were ambulatory at 3 years. An
independent living status was maintained in 77% of patients
at 3 years in our series.
Previous studies have reported wound healing rates for
the TKAmp in patients with vascular disease ranging from
70% to 100%, which is equivalent to the 81% healing rate
achieved in our study.4,5,11,20-24 Most of the other series,
however, included patients who did not have peripheral
vascular disease but had wounds related to infectious com-
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had vascular disease with leg wounds or ischemia that
precluded even a short BKA. Excluding the seven patients
in our series who had significant aortoiliac occlusive disease,
the healing rate for TKAmp was 93%. We speculate that the
technique of TKAmp we use, which requires shorter flaps
to close the wound than traditional TKAmp technique, is
responsible for the lower than expected incidence of wound
complications seen in our study. Indeed, we noted that in
series reporting outcome of TKAmp in patients with PAD
that the prevalence of wound complications and reamputa-
tion tends to be lower in studies that shaved the femoral
condyles.4,5,23 We believe the functional advantages of
TKAmp over AKA and the very acceptable wound healing
rate achieved with the modifiedMazet technique justify the
procedure in patients who are good candidates for rehabil-
itation. A similar rationale is used to justify performing BKA
in patients who are candidates for rehabilitation despite a
20% incidence of wound complications reported for
BKA.28 We have not encountered late wound complica-
tions. The shape of the stump distributes the weight over
the entire surface of the stump rather than over the con-
dyles as with the standard TKAmp prosthesis.
One weakness of our study is that it is retrospective and
is the experience of a large group of vascular surgeons. The
criteria for selecting patients for TKAmp were not defined
by the group in advance of the study but were based on the
judgment of the individual surgeon caring for the patient.
However, the factors used to determine patient selection
for TKAmp were remarkably similar for all members of the
group and this similarity was evident from the retrospective
chart review. All patients in our study were considered
good candidates for rehabilitation. Those patients whose
baseline ambulatory status was significantly impaired (ie,
ambulated with a walker or bedridden) were not offered
TKAmp. In situations where a standard BKA could not be
performed due to the location of leg wounds, however, the
knee joint could be salvaged by performing a short BKA.
This was done in preference to a TKAmp. During the study
period, the ratio of AKA to TKAmp procedures performed
was nearly nine to one (419/50). Therefore, the patients
who underwent TKAmp in this study represent a carefully
selected group.
In general, patients with significant aortoiliac or con-
comitant superficial femoral and profunda femoral occlu-
sive disease should not be offered TKAmp without success-
ful preoperative revascularization. TKAmp was performed
in seven patients who did not have a palpable femoral pulse.
Nonhealing of the TKAmp incision and subsequent revi-
sion to an AKA was required in six (86%) of those patients.
In conclusion, there are significant advantages of
TKAmp over AKA with regard to prosthesis donning,
comfort, stability, and metabolic cost of ambulation. These
advantages justify TKAmp in preference to AKA in patients
who are good candidates for rehabilitation but who cannot
undergo BKA. The Mazet technique of TKAmp may be
associated with fewer wound complications and creates aconically-shaped stump that allows use of a suction pros-
thesis that is easily applied by the patient.
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Dr Daniel F. Fisher (Chattanooga, Tenn). This article repre-
sents another innovative idea from our friends in Greenville. Dr
Cull and associates have come up with a new spin on an old theme.
Over an 8-year time span, 50 patients were offered a through-knee
amputation, known to many as a knee disarticulation, with an 82%
healing rate. For those of you who have tried a classic knee
disarticulation, youmight have found disappointing results with an
80% failure rate. This has certainly been my experience. I have,
therefore, given up on the old technique except in selective pa-
tients who need amputation for neuropathic states such as paraple-
gia and spina bifida.
Dr. Cull offers three modifications, which I think we have to
acknowledge:
(1) Equal flaps rather than a long anterior flap;
(2) Resection of the femoral condyles; and
(3) Removal of the patella.
It would seem that his three modifications result in a swing
from an 80% failure rate with the classic technique to an 80%
success rate with the modified Greenville technique. If the rest of
us at this meeting can duplicate these results, I think this makes this
paper one of the most enlightening and important papers at this
meeting. My only question is this: Is there any patient who should
not have this amputation if it is otherwise indicated?
Dr Cull. Obviously, this is a very carefully select group of
patients. Over the time period of this study, we did 450 above kneetation instead. We prefer the below the knee amputation even a
short below-knee amputation to the through-knee amputation.
When I first came to Greenville 10 years ago, the through-knee
amputation was already being done by my partners. I was as
shocked by this concept as you are because we just did below-knee
or above-knee amputations where I trained and in the Air Force. It
caused me to go back over the history of the through-knee ampu-
tation, and to my surprise, I found that the healing rates for
through-knee amputation in vascular patients reported in the
literature ranges between 70% and 80%, which is similar to that
reported for below-knee amputation. The modification of shaving
the condyles is not new. It was reported by Mazet in the 1960s.
However, back then, it was considered harmful to shave the
condyles because it would result in increased pressure over the
stump, and this would ultimately result in wound breakdown
problems. Furthermore it was felt that the condyles were necessary
to lock the stump into the prosthesis and improve rotational
stability of the prosthesis. Therefore, theMazet modification never
took off. So patients with a through-knee amputation were left
with a bulbous stump, which had prosthetic problems of its own.
Therefore, the operation was abandoned by vascular surgeons
in the United States. The most remarkable aspect of our paper is
not the wound healing rate. It is that over the last 40 years,
prosthesis technology has improved dramatically. Now, we have an
old operation combined with new technology, which really makes
a difference in the quality of life of these patients’ lives. That is the
message that we are really trying to get out.
